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Abstract: Within framework of the µ from ν Supersymmetric Standard Model (µνSSM),
three exotic right-handed neutrino superfields induce new sources for lepton-flavor violation.
In this work, we investigate muon conversion to electron in nuclei within the µνSSM in
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detected with the future experimental sensitivities.
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1 Introduction
Lepton-flavor violation (LFV) is a window of new physics beyond the Standard Model (SM),
because the lepton-flavor number is conserved in the Standard Model. Among the various
candidates for new physics that produce potentially observable effects in LFV processes,
one of the most appealing are Supersymmetric (SUSY) extensions of the SM, which can
violate lepton number naturally. In SUSY extensions of the SM, the R-parity of a particle
is defined as R = (−1)L+3B+2S [1, 2] and can be violated if either the lepton number (L)
or baryon number (B) is not conserved [3–16], where S denotes the spin of concerned
component field. Note that R = +1 for particles and −1 for superparticles.
Differing from the models in refs. [3–16], the authors of refs. [17–19] propose a SUSY
extension of the SM named as the “µ from ν Supersymmetric Standard Model” (µνSSM),
which solves the µ problem [20] of the Minimal Supersymmetric Standard Model (MSSM) [21–
24] through the lepton number breaking couplings between the right-handed neutrino super-
fields and the Higgses ǫabλiνˆ
c
i Hˆ
a
d Hˆ
b
u in the superpotential. The effective µ term ǫabµHˆ
a
d Hˆ
b
u
is generated spontaneously through right-handed sneutrino vacuum expectation values
(VEVs), µ = λi 〈ν˜ci 〉, as the electroweak symmetry is broken (EWSB). Largely differing
from the other models [3–16, 21–24], the µνSSM introduces three exotic right-handed sneu-
trinos νˆci , and once EWSB the right-handed sneutrinos give nonzero VEVs. In addition, the
nonzero VEVs of right-handed sneutrinos induce new sources for lepton-flavor violation. In
our previous work, we had analyzed some LFV processes l−j → l−i γ and l−j → l−i l−i l+i in the
µνSSM [25]. In this work, we continue to analyzed the LFV processes on muon conversion
to electron in nuclei within the µνSSM. The µ− e conversion rates have been calculated in
the literature for the various possible types of seesaw, with right-handed neutrinos [26–35],
scalar triplet(s) [36–38] and fermion triplets [39]. In the µνSSM, three neutrino masses
can be generated at the tree level through the mixing with the neutralinos including three
right-handed neutrinos [40–43].
Recently neutrino experiments develop quickly, which give the constraints on the pa-
rameters. If the left-handed scalar neutrinos acquire nonzero VEVs when the electroweak
symmetry is broken, the tiny neutrino masses are aroused [44] to account for the experi-
mental data on neutrino oscillations [45–47]. Three flavor neutrinos νe,µ,τ are mixed into
three massive neutrinos ν1,2,3 during their flight, and the mixings are described by the
Pontecorvo-Maki-Nakagawa-Sakata unitary matrix U
PMNS
[48, 49]. Through the several
recent reactor oscillation experiments [50–54], θ13 is now precisely known. The global fit of
θ13 gives [55]
sin2 θ13 = 0.023 ± 0.0023. (1.1)
And the other experimental observations of the parameters in U
PMNS
for the normal mass
hierarchy [56] show that [57]
∆m221 = 7.58
+0.22
−0.26 × 10−5eV2,
∆m232 = 2.35
+0.12
−0.09 × 10−3eV2,
sin2 θ12 = 0.306
+0.018
−0.015, sin
2 θ23 = 0.42
+0.08
−0.03. (1.2)
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Here, we can use the neutrino oscillation experimental data to restrain the input pa-
rameters in the µνSSM. Lately, a neutral Higgs with mass mh ∼ 124 − 126 GeV reported
by ATLAS [58] and CMS [59] also contributes a strict constraint on relevant parameter
space of the model. Then, we analyze the µ − e conversion rates within the µνSSM with
the 125 GeV Higgs. As compared to the present sensitivities of the µ − e conversion rates
in different nuclei [60–62]
CR(µ→ e : 4822Ti) < 4.3 × 10−12,
CR(µ→ e : 19779 Au) < 7× 10−13,
CR(µ→ e : 20782 Pb) < 4.6× 10−11, (1.3)
the numerical results indicate that the new physics contributes large corrections to the µ−e
conversion rates in some parameter space of the model. Recently, the MEG experiment
updates a new upper limit on the branching ratio of LFV process µ→ eγ [63]
Br(µ→ eγ) < 5.7× 10−13, (1.4)
which is a four times more stringent than the previous limit [64]. The new upper limit also
gives strong constraint on the µνSSM.
The outline of the paper is as follow. In section 2, we present the ingredients of
the µνSSM by introducing its superpotential and the general soft SUSY-breaking terms, in
particular the unphysical Goldstone bosons are strictly separated from the scalars. Section 3
gives the radiative correction to the SM-like Higgs. In section 4, we analyze the muon
conversion to electron in nuclei within the µνSSM. The numerical analysis is given in
section 5, and the conclusions are summarized in section 6. The tedious formulae are
collected in appendices A–E.
2 The µνSSM
Besides the superfields of the MSSM, the µνSSM introduces three singlet right-handed
neutrino superfields νˆci . The corresponding superpotential of the µνSSM is given by [17]
W = ǫab
(
Yuij Hˆ
b
uQˆ
a
i uˆ
c
j + Ydij Hˆ
a
d Qˆ
b
i dˆ
c
j + Yeij Hˆ
a
d Lˆ
b
i eˆ
c
j + YνijHˆ
b
uLˆ
a
i νˆ
c
j
)
− ǫabλiνˆci Hˆad Hˆbu +
1
3
κijkνˆ
c
i νˆ
c
j νˆ
c
k, (2.1)
where HˆTu =
(
Hˆ+u , Hˆ
0
u
)
, HˆTd =
(
Hˆ0d , Hˆ
−
d
)
, QˆTi =
(
uˆi, dˆi
)
, LˆTi =
(
νˆi, eˆi
)
are SU(2) doublet
superfields, and uˆcj, dˆ
c
j and eˆ
c
j represent the singlet up-type quark, down-type quark and
lepton superfields, respectively. In addition, Yu,d,e,ν, λ and κ are dimensionless matrices,
a vector and a totally symmetric tensor. a, b are SU(2) indices with antisymmetric tensor
ǫ12 = −ǫ21 = 1, and i, j, k = 1, 2, 3. The summation convention is implied on repeated
indices in the following.
In the superpotential, the first three terms are almost the same as the MSSM. Next two
terms can generate the effective bilinear terms ǫabεiHˆ
b
uLˆ
a
i , ǫabµHˆ
a
d Hˆ
b
u, and εi = Yνij
〈
ν˜cj
〉
,
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µ = λi 〈ν˜ci 〉, once the electroweak symmetry is broken. The last term generates the effective
Majorana masses for neutrinos at the electroweak scale. And the last two terms explicitly
violate lepton number and R-parity.
The general soft SUSY-breaking terms in the µνSSM are given as
−Lsoft = m2Q˜ijQ˜
a∗
i Q˜
a
j +m
2
u˜cij
u˜c∗i u˜
c
j +m
2
d˜cij
d˜c∗i d˜
c
j +m
2
L˜ij
L˜a∗i L˜
a
j
+m2e˜cij e˜
c∗
i e˜
c
j +m
2
Hd
Ha∗d H
a
d +m
2
Hu
Ha∗u H
a
u +m
2
ν˜cij
ν˜c∗i ν˜
c
j
+ ǫab
[
(AuYu)ijH
b
uQ˜
a
i u˜
c
j + (AdYd)ijH
a
d Q˜
b
i d˜
c
j + (AeYe)ijH
a
d L˜
b
i e˜
c
j +H.c.
]
+
[
ǫab(AνYν)ijH
b
uL˜
a
i ν˜
c
j − ǫab(Aλλ)iν˜ciHadHbu +
1
3
(Aκκ)ijkν˜
c
i ν˜
c
j ν˜
c
k +H.c.
]
− 1
2
(
M3λ˜3λ˜3 +M2λ˜2λ˜2 +M1λ˜1λ˜1 +H.c.
)
. (2.2)
Here, the front two lines consist of squared-mass terms of squarks, sleptons and Higgses.
The next two lines contain the trilinear scalar couplings. In the last line, M3, M2 and M1
denote Majorana masses corresponding to SU(3), SU(2) and U(1) gauginos λˆ3, λˆ2 and λˆ1,
respectively. In addition to the terms from Lsoft, the tree-level scalar potential receives the
usual D and F term contributions [18].
When the electroweak symmetry is spontaneously broken, the neutral scalars develop
in general the vacuum expectation values:
〈H0d 〉 = υd, 〈H0u〉 = υu, 〈ν˜i〉 = υνi , 〈ν˜ci 〉 = υνci . (2.3)
Thus one can define neutral scalars as usual
H0d =
hd + iPd√
2
+ υd, ν˜i =
(ν˜i)
ℜ + i(ν˜i)ℑ√
2
+ υνi ,
H0u =
hu + iPu√
2
+ υu, ν˜
c
i =
(ν˜ci )
ℜ + i(ν˜ci )
ℑ
√
2
+ υνci . (2.4)
And one can have
tan β =
υu√
υ2d + υνiυνi
. (2.5)
In the following, we will assume that all parameters in the potential are real for sim-
plicity. After EWSB, the scalar mass matrices M2S , M
2
P , M
2
S±
, M2u˜ and M
2
d˜
are given in
appendix B. Making use of the minimization conditions of the tree-level neutral scalar po-
tential, which are given in appendix A, the CP-odd neutral scalar mass matrix M2P and
charged scalar mass matrix M2
S±
can respectively isolate massless unphysical Goldstone
bosons G0 and G±, which can be written as [25]
G0 =
1√
υ2d + υ
2
u + υνiυνi
(
υdPd − υuPu + υνi(ν˜i)ℑ
)
(2.6)
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and
G± =
1√
υ2d + υ
2
u + υνiυνi
(
υdH
±
d − υuH±u + υνi e˜±Li
)
(2.7)
through an 8× 8 matrix ZH
ZH =


υd
υ
EW
υu
υ
SM
υν1υd
υ
EW
υ
SM
υν2υd
υ
EW
υ
SM
υν3υd
υ
EW
υ
SM
01×3
− υu
υ
EW
υd
υ
SM
− υν1υu
υ
EW
υ
SM
− υν2υu
υ
EW
υ
SM
− υν3υu
υ
EW
υ
SM
01×3
υν1
υ
EW
0 − υSM
υ
EW
υν3
υ
EW
− υν2
υ
EW
01×3
υν2
υ
EW
0 − υν3
υ
EW
− υSM
υ
EW
υν1
υ
EW
01×3
υν3
υ
EW
0
υν2
υ
EW
− υν1
υ
EW
− υSM
υ
EW
01×3
03×1 03×1 03×1 03×1 03×1 13×3


, (2.8)
where υ
SM
=
√
υ2d + υ
2
u and υEW =
√
υ2d + υ
2
u + υνiυνi . Here we can check that the matrix
ZH is unitary, Z
T
HZH = ZHZ
T
H = 1. In the physical (unitary) gauge, the Goldstone
bosons G0 and G± are eaten by Z-boson and W -boson, respectively, and disappear from
the Lagrangian. And the masses of neutral and charged gauge bosons are given by

m
Z
= e√
2s
W
c
W
√
υ2u + υ
2
d + υνiυνi ,
m
W
= e√
2s
W
√
υ2u + υ
2
d + υνiυνi ,
(2.9)
where e is the electromagnetic coupling constant, s
W
= sin θ
W
and c
W
= cos θ
W
with θ
W
denoting the Weinberg angle, respectively.
3 Radiative correction to the SM-like Higgs
In the µνSSM, left and right-handed sneutrino VEVs lead to mixing of the neutral compo-
nents of the Higgs doublets with the sneutrinos producing an 8× 8 CP-even neutral scalar
mass matrix, which can be found in appendix B. Neglecting the terms containing small
coupling Yνi ∼ O(10−7) and υνi ∼ O(10−4GeV), and implying the condition [19]
Aλi =
2µ
sin 2β
− 2
λi
∑
j,k
κijkλjυνc
k
, (3.1)
where µ = λiυνci , the 8× 8 CP-even neutral scalar mass matrix can be decoupled from the
2 × 2 Higgs doublet submatrix. However, the condition is sufficient but not necessary. If
the off-diagonal mixing terms of the CP-even neutral scalar mass matrix are enough smaller
than the diagonal terms, the contribution of the off-diagonal mixing terms to the diagonal
SM-like Higgs mass is small, which can be neglected. Actually, we will use this mechanism
in the numerical calculation.
It is well known since quite some time that radiative corrections modify the tree level
mass squared matrix of neutral Higgs substantially in the MSSM, with the main effect from
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loops involving the top quark and its scalar partner t˜1,2 [65]. In order to obtain masses of
the neutral doublet-like Higgs reasonably, we consider the dominating radiative corrections
from the third fermions and corresponding supersymmetric partners in the µνSSM. The
2× 2 t˜L − t˜R, b˜L − b˜R and τ˜L − τ˜R mass squared matrices respectively are
M2
t˜
=
(
M2u˜L3L3
M2u˜L3R3
M2u˜L3R3
M2u˜R3R3
)
, M2
b˜
=

M2d˜L3L3 M2d˜L3R3
M2
d˜L3R3
M2
d˜R3R3

 (3.2)
and
M2τ˜ =

M2e˜±L3 e˜±L3 M2e˜±L3 e˜±R3
M2
e˜±
L3
e˜±
R3
M2
e˜±
R3
e˜±
R3

 , (3.3)
where the concrete expressions for matrix elements can be found in appendix B. The eigen-
values m2
t˜1,2
, m2
b˜1,2
and m2τ˜1,2 of the t˜, b˜ and τ˜ mass squared matrices can be given by
m21,2 =
1
2
(
TrM2 ∓
√
(TrM2)2 − 4DetM2
)
, (3.4)
where TrM2 =M211 +M
2
22, DetM
2 =M211M
2
22 − (M212)2.
Then, the mass squared matrix for the neutral Higgs doublets in the basis (hd, hu) is
written as
M2 =
(
M2hdhd M
2
hdhu
M2hdhu M
2
huhu
)
+
GF√
2π2
(
∆11 ∆12
∆12 ∆22
)
, (3.5)
where the dominating radiative corrections originate from fermions and corresponding su-
persymmetric partners in this model:
∆11 = ∆
q
11 +∆
l
11, ∆12 = ∆
q
12 +∆
l
12, ∆22 = ∆
q
22 +∆
l
22. (3.6)
Neglecting the terms containing small coupling Yνi and υνi , and using the expressions given
in refs. [66–74], the one-loop radiative corrections from quark fields read as
∆q11 =
3m4b
cos2 β
{
ln
m2
b˜1
m2
b˜2
m4b
+
2Ab(Ab − µ tan β)
m2
b˜1
−m2
b˜2
ln
m2
b˜1
m2
b˜2
+
A2b(Ab − µ tan β)2
(m2
b˜1
−m2
b˜2
)
2 g(m
2
b˜1
,m2
b˜2
)
}
+
3m4t
sin2 β
µ2(At − µ cot β)2
(m2
t˜1
−m2
t˜2
)
2 g(m
2
t˜1
,m2
t˜2
),
∆q22 =
3m4t
sin2 β
{
ln
m2
t˜1
m2
t˜2
m4t
+
2At(At − µ cot β)
m2
t˜1
−m2
t˜2
ln
m2
t˜1
m2
t˜2
+
A2t (At − µ cot β)2
(m2
t˜1
−m2
t˜2
)
2 g(m
2
t˜1
,m2
t˜2
)
}
+
3m4b
cos2 β
µ2(Ab − µ tan β)2
(m2
b˜1
−m2
b˜2
)
2 g(m
2
b˜1
,m2
b˜2
),
∆q12 =
3m4t
sin2 β
µ(−At + µ cot β)
m2
t˜1
−m2
t˜2
{
ln
m2
t˜1
m2
t˜2
+
At(At − µ cot β)
(m2
t˜1
−m2
t˜2
)
g(m2
t˜1
,m2
t˜2
)
}
+
3m4b
cos2 β
µ(−Ab + µ tan β)
m2
b˜1
−m2
b˜2
{
ln
m2
b˜1
m2
b˜2
+
Ab(Ab − µ tan β)
(m2
b˜1
−m2
b˜2
)
g(m2
b˜1
,m2
b˜2
)
}
, (3.7)
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with
g(m21,m
2
2) = 2−
m21 +m
2
2
m21 −m22
ln
m21
m22
. (3.8)
Similarly, one can obtain the one-loop radiative corrections from lepton fields
∆l11 =
m4τ
cos2 β
{
ln
m2τ˜1m
2
τ˜2
m4τ
+
2Aτ (Aτ − µ tan β)
m2τ˜1 −m2τ˜2
ln
m2τ˜1
m2τ˜2
+
A2τ (Aτ − µ tan β)2
(m2τ˜1 −m2τ˜2)
2 g(m
2
τ˜1
,m2τ˜2)
}
∆l22 =
m4τ
cos2 β
µ2(Aτ − µ tan β)2
(m2τ˜1 −m2τ˜2)
2 g(m
2
τ˜1
,m2τ˜2),
∆l12 =
m4τ
cos2 β
µ(−Aτ + µ tan β)
m2τ˜1 −m2τ˜2
{
ln
m2τ˜1
m2τ˜2
+
Aτ (Aτ − µ tan β)
(m2τ˜1 −m2τ˜2)
g(m2τ˜1 ,m
2
τ˜2
)
}
. (3.9)
Then, the neutral doublet-like Higgs mass eigenvalues can be derived
m2h(H) =
1
2
(
TrM2 ∓
√
(TrM2)2 − 4DetM2
)
. (3.10)
One most stringent constraint on parameter space of the µνSSM is that the mass squared
matrix should produce an eigenvalue around (125 GeV)2 as mass squared of the SM-like
Higgs. The current combination of the ATLAS and CMS data gives [75]:
mh = 125.9 ± 2.1 GeV, (3.11)
this fact constrains parameter space of the µνSSM stringently.
4 µ− e conversion in nuclei within the µνSSM
In this section, we present the analysis on the µ − e conversion processes at the quark
level in the µνSSM. For this study we will use the indices β, ζ = 1, . . . , 5, I = 1, . . . , 6,
α, ρ = 1, . . . , 8, and η, σ = 1, . . . , 10. The summation convention is implied on the repeated
indices in the following.
µ e
S−α S−ρ
γ, Z(k)
χ0η
(a)
µ eNα
χβ χζ
γ, Z(k)
(b)
qi qi qi qi
Figure 1. Penguin-type diagrams for the µ−e conversion processes at the quark level. (a) represents
the contributions from neutral fermions χ0η and charged scalars S
−
α loops, and (b) represents the
contributions from charged fermions χβ and neutral scalars Nα (N = S, P ) loops.
Figure 1 shows the penguin-type diagrams for the µ − e conversion processes at the
quark level in the µνSSM. We will give the effective Lagrangian of the process at the quark
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level. The γ-penguin-type diagrams give the terms [76]
Lγ−pint = −
e2
k2
e¯
[
k2γα(A
L
1PL +A
R
1 PR) +mµiσαβk
β(AL2 PL +A
R
2 PR)
]
µ
×
∑
q=u,d
Qqemq¯γ
αq. (4.1)
where PL =
1
2(1− γ5), PR = 12(1 + γ5), Quem = 23 , Qdem = −13 and mµ is the muon mass,
respectively. Each coefficient in the above can be written as
AL,Ra = A
(n)L,R
a +A
(c)L,R
a (a = 1, 2), (4.2)
where A
(n)L,R
a denote for the contributions from the virtual neutral fermion loops, and
A
(c)L,R
a denote that from the virtual charged fermion loops, respectively. After integrating
the heavy freedoms out, we formulate those coefficients as follows
A
(n)L
1 =
1
6m2W
C
S−α χ
◦
ηχ¯3
R C
S−∗α χ4χ¯
◦
η
L I4(xχ◦η , xS−α ),
A
(n)L
2 =
mχ◦η
mµm2W
C
S−α χ
◦
ηχ¯3
L C
S−∗α χ4χ¯
◦
η
L
[
I3(xχ◦η , xS−α )− I1(xχ◦η , xS−α )
]
,
A(n)Ra = A
(n)L
a
∣∣∣ L↔R, (4.3)
where the concrete expressions for form factors Ik (k = 1, . . . , 4) can be found in appendix E.
Additionally, xi = m
2
i /m
2
W and mi is the mass for the corresponding particle. In a similar
way, the corrections from the Feynman diagrams with virtual charged fermions are
A
(c)L
1 =
∑
N=S,P
1
6m2W
C
Nαχβχ¯3
R C
Nαχ4χ¯β
L
[
I1(xχβ , xNα)− 2I2(xχβ , xNα)− I4(xχβ , xNα)
]
,
A
(c)L
2 =
∑
N=S,P
mχβ
mµm
2
W
C
Nαχβχ¯3
L C
Nαχ4χ¯β
L
[
I1(xχβ , xNα)− I2(xχβ , xNα)− I4(xχβ , xNα)
]
,
A(c)Ra = A
(c)L
a
∣∣∣ L↔R. (4.4)
Similarly, the effective Lagrangian of Z-penguin-type diagrams is
LZ−pint =
e2
m2Zs
2
W
c2
W
∑
q=u,d
ZqL + Z
q
R
2
q¯γαqe¯γ
α(FLPL + FRPR)µ, (4.5)
where
ZqL,R = T
q
3L,R −Qqems2W , (q = u, d), (4.6)
with T u3L =
1
2 , T
d
3L = −12 and T u3R = T d3R = 0. And the coefficient FL,R also can be written
as
FL,R = F
(n)
L,R + F
(c)
L,R, (4.7)
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where the contributions to the effective couplings F
(n)
L,R and F
(c)
L,R are
F
(n)
L =
∑
N=S,P
[mχζmχβ
e2m2W
C
Nαχζ χ¯3
R C
Zχβχ¯ζ
L C
Nαχ4χ¯β
L G1(xNα , xχζ , xχβ )
− 1
2e2
C
Nαχζ χ¯3
R C
Zχβχ¯ζ
R C
Nαχ4χ¯β
L G2(xNα , xχζ , xχβ )
]
,
F
(c)
L =
1
2e2
C
S−ρ χ
0
ηχ¯3
R C
ZS−α S
−∗
ρ
R C
S−∗α χ4χ¯
0
η
L G2(xχ0η , xS−α , xS−ρ ),
F
(n,c)
R = F
(n,c)
L
∣∣∣ L↔R. (4.8)
Here, the concrete expressions for Gk (k = 1, . . . , 4) can be found in appendix E.
S−α S−αµ µe e
χ0η
χ0η
χ0σ
χ0σ
qi qi qi qi
(a)
q˜I q˜I
Nα Nαµ µe e
χβ
χβ
χζ
χζ
di di u
c
i u
c
i
(b)
U+I D
−
I
Figure 2. Box-type diagrams for the µ−e conversion processes at the quark level. (a) represents the
contributions from neutral fermions χ0η, charged scalars S
−
α and squark q˜I (q = u, d and u˜I = U
+
I ,
d˜I = D
−
I ) loops, and (b) represents the contributions from charged fermions χβ and neutral scalars
Nα (N = S, P ) and squark q˜I loops.
Furthermore, the effective Lagrangian from the box-type diagrams drawn in figure 2
can be written as
Lboxint = e2
∑
q=u,d
q¯γαqe¯γ
α(DLq PL +D
R
q PR)µ, (4.9)
with
DL,Rq = D
(n)L,R
q +D
(c)L,R
q (q = u, d). (4.10)
The effective couplings D
(n)L,R
q originate from those box diagrams with virtual neutral
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fermion contributions:
D(n)Lq =
1
8e2m2W
G4(xχ0η , xχ0σ , xS−α , xq˜I )
[
C
S−α χ
0
ηχ¯4∗
R C
S−α χ
0
σχ¯3
R C
q˜Iχ
0
η q¯i
R C
q˜Iχ
0
σ q¯i∗
R
− CS
−
α χ
0
ηχ¯4∗
R C
S−α χ
0
σχ¯3
R C
q˜Iχ
0
η q¯i∗
L C
q˜Iχ
0
σ q¯i
L
]
−
mχ0ηmχ0σ
4e2m4W
G3(xχ0η , xχ0σ , xS−α , xq˜I )
[
C
S−α χ
0
ηχ¯4∗
R C
S−α χ
0
σχ¯3
R C
q˜Iχ
0
η q¯i
L C
q˜Iχ
0
σ q¯i∗
L
− CS
−
α χ
0
ηχ¯4∗
R C
S−α χ
0
σχ¯3
R C
q˜Iχ
0
η q¯i∗
R C
q˜Iχ
0
σ q¯i
R
]
,
D(n)Rq = D
(n)L
q
∣∣∣ L↔R , (q = u, d and u˜I = U+I , d˜I = D−I ). (4.11)
Correspondingly, the effective couplings from the box diagrams with virtual charged fermion
contributions D
(c)L,R
q are
D
(c)L
d =
∑
N=S,P
[ 1
8e2m2W
G4(xχβ , xχζ , xNα , xU+
I
)C
Nαχβχ¯4∗
R C
Nαχζχ¯3
R C
U+
I
χβ d¯i
R C
U+
I
χζ d¯i∗
R
− mχβmχζ
4e2m4W
G3(xχβ , xχζ , xNα , xU+
I
)C
Nαχβχ¯4∗
R C
Nαχζχ¯3
R C
U+
I
χβ d¯i
L C
U+
I
χζ d¯i∗
L
]
,
D(c)Lu =
∑
N=S,P
[
− 1
8e2m2W
G4(xχβ , xχζ , xNα , xD−
I
)C
Nαχβχ¯4∗
R C
Nαχζχ¯3
R C
D−
I
uci χ¯β∗
L C
D−
I
uci χ¯ζ
L
+
mχβmχζ
4e2m4W
G3(xχβ , xχζ , xNα , xD−
I
)C
Nαχβχ¯4∗
R C
Nαχζ χ¯3
R C
D−
I
uci χ¯β∗
R C
D−
I
uci χ¯ζ
R
]
,
D(c)Rq = D
(c)L
q
∣∣∣ L↔R, (q = u, d). (4.12)
Using the expression for the effective Lagrangian of the µ − e conversion processes at
the quark level, we can calculate the µ− e conversion rate in a nucleus [77]:
CR(µ→ e : Nucleus)
= 4α5
Z4eff
Z
∣∣F (q2)∣∣2m5µ[ ∣∣Z(AL1 −AR2 )− (2Z +N)D¯Lu − (Z + 2N)D¯Ld ∣∣2
+
∣∣Z(AR1 −AL2 )− (2Z +N)D¯Ru − (Z + 2N)D¯Rd ∣∣2 ] 1Γcapt , (4.13)
with
D¯Lq = D
L
q +
ZqL + Z
q
R
2
FL
m2Zs
2
W
c2
W
,
D¯Rq = D¯
L
q
∣∣
L↔R (q = u, d), (4.14)
where Z and N denote the proton and neutron numbers in a nucleus, while Zeff is an
effective atomic charge which has been determined in refs. [78, 79]. F (q2) is the nuclear
form factor and Γcapt denotes the total muon capture rate. The values of Zeff , F (q
2 ≃ −m2µ)
and Γcapt for different nuclei have been collect in table 1 and follow ref. [80].
In the last, we also can obtain the branching ratio for µ→ eγ as
Br(µ→ eγ) = e
2
16π
m5µ
(∣∣AL2 ∣∣2 + ∣∣AR2 ∣∣2) 1Γµ , (4.15)
where Γµ ≈ 2.996 × 10−19 GeV denotes the total decay rate of the muon.
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A
ZNucleus Zeff F (q
2 ≃ −m2µ) Γcapt(GeV)
48
22Ti 17.6 0.54 1.70422 × 10−18
197
79 Au 33.5 0.16 8.59868 × 10−18
207
82 Pb 34.0 0.15 8.84868 × 10−18
Table 1. The values of Zeff , F (q
2 ≃ −m2µ) and Γ(capt) for different nuclei
5 The numerical results
5.1 The parameter space
It is well known that there are many free parameters in various SUSY extensions of the
SM. In order to obtain a more transparent numerical results, we take some assumptions on
parameter space of the µνSSM before we perform the numerical analysis. We adopt the
minimal flavor violation (MFV) assumptions
κijk = κδijδjk, (Aκκ)ijk = Aκκδijδjk, λi = λ, (Aλλ)i = Aλλ,
Yuij = Yuiδij , (AuYu)ij = AuYuiδij , Yνij = Yνiδij , (AνYν)ij = AνYνiδij ,
Ydij = Ydiδij , (AdYd)ij = AdYdiδij , Yeij = Yeiδij , (AeYe)ij = AeYeiδij ,
m2
L˜ij
= m2
L˜i
δij , m
2
ν˜cij
= m2ν˜ci δij , m
2
e˜cij
= m2e˜cδij , υνci = υνc ,
m2
Q˜ij
= m2
Q˜
δij , m
2
u˜cij
= m2u˜cδij, m
2
d˜cij
= m2
d˜c
δij , (5.1)
where i, j, k = 1, 2, 3. Then, we can have At ≡ Au, Ab ≡ Ad and Aτ ≡ Ae.
Restrained by the quark and lepton masses, we have
Yui =
mui
υu
, Ydi =
mdi
υd
, Yei =
mli
υd
, (5.2)
where mui , mdi and mli are the up-quark, down-quark and charged lepton masses, respec-
tively. Here, we choose the values of the fermion masses from ref. [57]. At the EW scale,
the soft masses m2
H˜d
, m2
H˜u
, m2
L˜i
and m2ν˜ci
can be derived from the minimization conditions
of the tree-level neutral scalar potential, which are given in appendix A.
The 3×3 matrix Yν determines the Dirac masses for the neutrinos Yνυu ∼ mD, and the
tiny neutrino masses are obtained through TeV scale seesaw mechanism mν ∼ mDm−1N mTD.
This indicates that the nonzero VEVs of left-handed sneutrinos satisfy υνi ≪ υu,d, then
tan β ≃ υu
υd
. (5.3)
Assuming that the charged lepton mass matrix in the flavor basis is in the diagonal form,
we parameterize the unitary matrix which diagonalizes the effective light neutrino mass
matrix meff (can be found in appendix C) as [81–83]
Uν =

 c12c13 s12c13 s13e
−iδ
−s12c23 − c12s23s13eiδ c12c23 − s12s23s13eiδ s23c13
s12s23 − c12c23s13eiδ −c12s23 − s12c23s13eiδ c23c13


× diag(1, eiα212 , eiα312 ), (5.4)
– 11 –
where cij = cos θij, sij = sin θij, the angles θij = [ 0, π/2 ], δ = [ 0, 2π ] is the Dirac CP
violation phase and α21, α31 are two Majorana CP violation phases, respectively. Here, we
choose δ = α21 = α31 = 0. Uν diagonalizes meff in the following way:
UTν m
T
effmeffUν = diag(m
2
ν1
,m2ν2 ,m
2
ν3
), (5.5)
where the neutrino masses mνi connected with experimental measurements through
m2ν2 −m2ν1 = ∆m221, m2ν3 −m2ν2 = ∆m232. (5.6)
The combination of eqs. (5.4), (5.5) and (5.6) with neutrino oscillation experimental data
gives constraint on relevant parameter space of the µνSSM.
Concerning the rest of the soft parameters, we will take for simplicity in the following
computation mQ˜,u˜c,d˜c,e˜c = 800 GeV, Au,d,e = 500 GeV and the approximate GUT relation
M1 =
α2
1
α2
2
M2 ≈ 0.5M2. Then, the free parameters affect our analysis are
λ, κ, tan β, Aλ, Aκ, Aν , υνc , M2. (5.7)
To obtain the Yukawa couplings Yνi and υνi from eq. (5.5), we assume the neutrinos
masses satisfying normal hierarchy mν1<mν2<mν3 , and choose mν2 = 10
−2 eV as input in
our numerical analysis. Then we can getmν1,3 from the experimental data on the differences
of neutrino mass squared. For Uν , the values of θij are obtained from the experimental data
presented in eqs. (1.1) and (1.2). And the effective light neutrino mass matrix meff can
approximate as [40]
meffij ≈
2Aυνc
3∆
bibj +
1− 3δij
6κυνc
aiaj , (5.8)
where
∆ = λ2(υ2d + υ
2
u)
2
+ 4λκυ2νcυdυu − 12λ2υνcAB,
A = κυ2νc + λυdυu,
1
B
=
e2
c2
W
M1
+
e2
s2
W
M2
,
ai = Yνiυu , bi = Yνiυd + 3λυνi . (5.9)
Then, we can numerically derive Yνi ∼ O(10−7) and υνi ∼ O(10−4GeV) from eq. (5.5).
5.2 µ− e conversion rates in nuclei with a 125 GeV Higgs
Considering the research of the µνSSM [18, 19, 25], we choose the relevant parameters as
λ = 0.1, κ = 0.01, Aν = Aκ = −1 TeV, M2 = 3 TeV and υνc = 800 GeV in next numerical
analysis for convenience. With those assumptions on parameter space, we show the contour
plot of the SM-like Higgs mass in the (Aλ-tan β) plane in figure 3. Constrained by the
ATLAS and CMS data in eq. (3.11), the result indicate that the experimental data favor
small tan β. Along with increasing of tan β, the SM-like Higgs mass increases rapidly. As
tan β = 1.4, the SM-like Higgs mass increases gently with increasing of Aλ. Ensured that
the SUSY partner masses are large, the value of Aλ need to be large. In next numerical
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Figure 3. Contour plot of the SM-like Higgs mass in the (Aλ-tanβ) plane.
calculation, we choose Aλ = 500 GeV and tan β = 1.4, keeping the SM-like Higgs mass
around 125 GeV.
With above assumptions on parameter space, we investigate the µ − e conversion in
nuclei within the µνSSM in detail. Due to the value of M2 is inert for the SM-like Higgs
mass, we present the µ − e conversion rates vary with M2 for different nuclei 4822Ti, 19779 Au
and 20782 Pb in figure 4, which show that the µ − e conversion rates in nuclei decrease with
increasing ofM2. In the figure 4(a) and figure 4(b), we can see that the µ−e conversion rates
in nuclei 4822Ti and
197
79 Au exceed the upper experimental bound easily, when M2 ≤ 2TeV.
The fact implies that experimental data do not favor smallM2. By Introducing the left- and
right-handed sneutrinos which the VEVs are nonzero to the µνSSM, the µ − e conversion
rates in nuclei 4822Ti and
197
79 Au can easily reach the upper experimental bound. In the
future experiments, one expects significant improvements in the sensitivities to the µ − e
conversion rates in nuclei. For example, the DeeMe experiment aims at reaching a sensitivity
of 10−14 level by 2015 [84]. Undoubtedly, the COMET at J-PARK [85, 86] and Mu2e at
Fermilab [87, 88] would provide the potentially measurable sensitivity of O(10−17) in the
near future. With the future experimental sensitivities, the µ−e conversion in nuclei within
the µνSSM could be detected.
In ref. [25], we had analyzed the LFV processes µ→ eγ and µ→ 3e without considering
the 125 GeV Higgs. Here, constrained the 125 GeV Higgs, we also present the branching
ratios of µ → eγ and µ → 3e versus M2 in figure 5. Similar to the case of the µ − e
conversion rates in nuclei, the evaluations on the branching ratios decrease with increasing
of M2. As M2 ≤ 2 TeV, the theoretical evaluations easily exceed the upper experimental
bound. Differing from LFV processes which are researched in the Bilinear R-parity Violation
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model [89], the large VEVs of right-handed sneutrinos in the µνSSM induce new sources
for lepton-flavor violation. So, here the branching ratios of µ→ eγ and µ→ 3e can easily
reach upper experimental bound 5.7× 10−13 [63] and 1.0× 10−12 [90], respectively. In the
future, a new upgraded MEG experiment significantly improves the sensitivity reach with
a goal of being able to detect the µ → eγ decay at a level of 10−14 [91]. And the future
experimental sensitivity of µ → 3e decay will be 10−16 [92], which can detected the rare
decay in the µνSSM.
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Figure 4. The µ−e conversion rates in nuclei vary with M2 for (a) 4822Ti, (b) 19779 Au, and (c) 20782 Pb.
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Figure 5. Branching ratios of the LFV process vary with M2 for (a) µ→ eγ and (b) µ→ 3e.
6 Conclusions
Besides the superfields of the MSSM, the µνSSM introduces three exotic right-handed
sneutrinos νˆci to solve the µ problem of the MSSM. In the µνSSM, exotic right-handed
sneutrinos which the vacuum expectation values are nonzero induce new sources for lepton-
flavor violation. Additionally, we analyse the radiative correction to the SM-like Higgs in
the µνSSM. Constrained by the ATLAS and CMS data, the numerical result indicate that
the experimental data favor small tan β.
With the 125 GeV Higgs, we analyze the µ− e conversion processes within the µνSSM,
simultaneously considering the updated experimental data on neutrino oscillations. Numer-
ical results indicate that the new physics corrections dominate the evaluations on the µ− e
conversion rates in nuclei in some parameter space of the µνSSM. And we also analyse the
LFV processes µ → eγ and µ → 3e. The theoretical predictions on the µ − e conversion
rates in nuclei 4822Ti and
197
79 Au and the branching ratios of µ → eγ and µ → 3e can easily
reach the present experimental upper bounds and be detected in near future.
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A Minimization of the potential
First, the eight minimization conditions of the tree-level neutral scalar potential are given
below:
0 = m2Hdυd +
G2
4
(υ2d − υ2u + υνiυνi)υd − (Aλλ)iυuυνci − λjκijkυuυνci υνck
+ (λiλjυνci υνcj + λiλiυ
2
u)υd − Yνijυνi(λkυνckυνcj + λjυ2u), (A.1)
0 = m2Huυu −
G2
4
(υ2d − υ2u + υνiυνi)υu + (AνYν)ijυνiυνcj − (Aλλ)iυdυνci
+ (λiλjυνci υνcj + λiλiυ
2
u)υu + Yνijυνi(κljkυνcl υν
c
k
− 2λjυdυu)
− λjκijkυdυνci υνck + (YνkiYνkjυνci υνcj + YνikYνjkυνiυνj )υu, (A.2)
0 = m2
L˜ij
υνj +
G2
4
(υ2d − υ2u + υνjυνj)υνi + (AνYν)ijυuυνcj + Yνilκljkυuυνcjυνck
− Yνijλkυνcjυνckυd − Yνijλjυ2uυd + YνijYνlkυνlυνcjυνck + YνikYνjkυ2uυνj , (A.3)
0 = m2ν˜cijυν
c
j
+ (AνYν)jiυνjυu − (Aλλ)iυdυu + (Aκκ)ijkυνcj υνck − 2λjκijkυdυuυνck
+ λiλjυνcj (υ
2
d + υ
2
u) + 2κlimκljkυνcmυνcjυνck + 2Yνjkκiklυuυνjυν
c
l
− Yνjiλkυνjυνckυd − Yνkjλiυνkυνcj υd + YνjiYνlkυνjυνlυνck + YνkiYνkjυ2uυνcj , (A.4)
where G2 = g21 + g
2
2 and g1cW = g2sW = e.
B Mass Matrices
In this appendix, we give the mass matrices in the µνSSM.
B.1 Scalar mass matrices
For this subsection, we use the indices i, j, k, l,m = 1, 2, 3 and α = 1, . . . , 8.
B.1.1 CP-even neutral scalars
The quadratic potential includes
Vquadratic =
1
2
S′TM2SS
′ + · · · , (B.1)
where S′T = (hd, hu, (ν˜i)ℜ, (ν˜ci )
ℜ) is in the unrotated basis. And the concrete expressions
for the independent coefficients of M2S are given below:
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M2hdhd = m
2
Hd
+
G2
4
(3υ2d − υ2u + υνiυνi) + λiλjυνci υνcj + λiλiυ2u, (B.2)
M2huhu = m
2
Hu
− G
2
4
(υ2d − 3υ2u + υνiυνi) + λiλjυνci υνcj + λiλiυ2d
− 2Yνijλjυdυνi + YνkiYνkjυνci υνcj + YνikYνjkυνiυνj , (B.3)
M2hdhu = −(Aλλ)iυνci −
G2
2
υdυu + 2λiλiυdυu − λkκijkυνci υνcj
− 2Yνijλjυuυνi , (B.4)
M2
hd(ν˜i)ℜ
=
G2
2
υdυνi − Yνij(λjυ2u + λkυνckυνcj ), (B.5)
M2
hu(ν˜i)ℜ
= −G
2
2
υuυνi + (AνYν)ijυνcj − 2Yνijλjυdυu + Yνikκljkυνcl υνcj
+ 2YνijYνkjυuυνk , (B.6)
M2
hd(ν˜
c
i )
ℜ = −(Aλλ)iυu + 2λiλjυdυνcj − 2λkκijkυuυνcj
− (Yνjiλk + Yνjkλi)υνjυνck , (B.7)
M2
hu(ν˜ci )
ℜ = −(Aλλ)iυd + (AνYν)jiυνj + 2λiλjυuυνcj − 2λkκijkυdυνcj
+ 2Yνjkκilkυνjυνcl + 2YνjkYνjiυuυν
c
k
, (B.8)
M2(ν˜i)ℜ(ν˜j)ℜ = m
2
L˜ij
+
G2
2
υνiυνj +
G2
4
(υ2d − υ2u + υνkυνk)δij
+ YνikYνjkυ
2
u + YνikYνjlυνckυν
c
l
, (B.9)
M2(ν˜i)ℜ(ν˜cj )ℜ
= (AνYν)ijυu − (Yνijλk + Yνikλj)υdυνck + 2Yνikκjlkυuυνcl
+ (YνijYνkl + YνilYνkj)υνkυνcl , (B.10)
M2(ν˜ci )ℜ(ν˜cj )ℜ
= m2ν˜c
ij
+ 2(Aκκ)ijkυνck − 2λkκijkυdυu + λiλj(υ2d + υ2u)
+ (2κijkκlmk + 4κilkκjmk)υνcl υνcm + 2Yνlkκijkυuυνl
− (Yνkjλi + Yνkiλj)υdυνk + Yνki(Yνkjυ2u + Yνljυνkυνl). (B.11)
Using an 8× 8 unitary matrix RS to diagonalize the mass matrix M2S
RTSM
2
SRS = (M
diag
S )
2, (B.12)
S′α can be rotated to the mass eigenvectors Sα:
hd = R
1α
S Sα, hu = R
2α
S Sα, (ν˜i)
ℜ = R(2+i)αS Sα, (ν˜
c
i )
ℜ = R(5+i)αS Sα. (B.13)
B.1.2 CP-odd neutral scalars
In the unrotated basis P ′T = (Pd, Pu, (ν˜i)ℑ, (ν˜ci )
ℑ), one can give the quadratic potential
Vquadratic =
1
2
P ′TM2PP
′ + · · · , (B.14)
and the concrete expressions for the independent coefficients of M2P
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M2PdPd = m
2
Hd
+
G2
4
(υ2d − υ2u + υνiυνi) + λiλjυνci υνcj + λiλiυ2u, (B.15)
M2PuPu = m
2
Hu −
G2
4
(υ2d − υ2u + υνiυνi) + λiλjυνci υνcj + λiλiυ2d
− 2Yνijλjυdυνi + YνkiYνkjυνci υνcj + YνikYνjkυνiυνj , (B.16)
M2PdPu = (Aλλ)iυνci + λkκijkυνci υνcj , (B.17)
M2
Pd(ν˜i)ℑ
= −Yνij(λjυ2u + λkυνckυνcj ), (B.18)
M2
Pu(ν˜i)ℑ
= −(AνYν)ijυνcj − Yνikκljkυνcl υνcj , (B.19)
M2Pd(ν˜ci )ℑ
= (Aλλ)iυu − 2λkκijkυuυνcj − (Yνjiλk − Yνjkλi)υνjυνck , (B.20)
M2Pu(ν˜ci )ℑ
= (Aλλ)iυd − (AνYν)jiυνj − 2(λkκilkυd − Yνjkκilkυνj)υνcl , (B.21)
M2(ν˜i)ℑ(ν˜j)ℑ = m
2
L˜ij
+
G2
4
(υ2d − υ2u + υνkυνk)δij + YνikYνjkυ2u
+ YνikYνjlυνckυν
c
l
, (B.22)
M2(ν˜i)ℑ(ν˜cj )ℑ
= −(AνYν)ijυu + (Yνijλk − Yνikλj)υdυνck + 2Yνilκjlkυuυνck
− (YνijYνkl − YνilYνkj )υνkυνcl , (B.23)
M2(ν˜ci )ℑ(ν˜cj )ℑ
= m2ν˜cij − 2(Aκκ)ijkυνck + 2λkκijkυdυu + λiλj(υ
2
d + υ
2
u)
− (2κijkκlmk − 4κimkκljk)υνc
l
υνcm − 2Yνlkκijkυuυνl
− (Yνkjλi + Yνkiλj)υdυνk + Yνki(Yνkjυ2u + Yνljυνkυνl). (B.24)
We can use an 8× 8 unitary matrix RP to diagonalize the mass matrix M2P
RTPM
2
PRP = (M
diag
P )
2. (B.25)
By unitary matrix RP , P
′
α can be rotated to the mass eigenvectors Pα:
Pd = R
1α
P Pα, Pu = R
2α
P Pα, (ν˜i)
ℑ = R(2+i)αP Pα, (ν˜
c
i )
ℑ = R(5+i)αP Pα. (B.26)
B.1.3 Charged scalars
The quadratic potential includes
Vquadratic = S
′−TM2S±S
′+ + · · · , (B.27)
where S′±T = (H±d ,H
±
u , e˜
±
Li
, e˜±Ri) is in the unrotated basis, e˜
−
Li
≡ e˜i and e˜+Ri ≡ e˜ci . The
expressions for the independent coefficients of M2
S±
are given in detail below:
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M2
H±
d
H±
d
= m2Hd +
g22
2
(υ2u − υνiυνi) +
G2
4
(υ2d − υ2u + υνiυνi) + λiλjυνci υνcj
+ YeikYejkυνiυνj , (B.28)
M2
H±u H
±
u
= m2Hu +
g22
2
(υ2d + υνiυνi)−
G2
4
(υ2d − υ2u + υνiυνi) + λiλjυνci υνcj
+ YνikYνijυνcjυνck , (B.29)
M2
H±
d
H±u
= (Aλλ)iυνci +
g22
2
υdυu − λiλiυdυu + λkκijkυνci υνcj
+ Yνijλjυuυνi , (B.30)
M2
H±
d
e˜±
Li
=
g22
2
υdυνi − Yνijλkυνckυνcj − YeijYekjυdυνk , (B.31)
M2
H±u e˜
±
Li
=
g22
2
υuυνi − (AνYν)ijυνcj + Yνijλjυdυu − Yνijκljkυνcl υνck
− YνikYνkjυuυνj , (B.32)
M2
H±
d
e˜±
Ri
= −(AeYe)jiυνj − YekiYνkjυuυνcj , (B.33)
M2
H±u e˜
±
Ri
= −Yeki(λjυνcjυνk + Yνkjυdυνcj ), (B.34)
M2
e˜±
Li
e˜±
Lj
= m2
L˜ij
+
1
4
(g21 − g22)(υ2d − υ2u + υνkυνk)δij +
g22
2
υνiυνj
+ YνilYνjkυνcl υν
c
k
+ YeikYejkυ
2
d, (B.35)
M2
e˜±
Li
e˜±
Rj
= (AeYe)ijυd − Yeijλkυuυνck , (B.36)
M2
e˜±
Ri
e˜±
Rj
= m2e˜cij −
1
2
g21(υ
2
d − υ2u + υνkυνk)δij + YekiYekjυ2d
+ YeliYekjυνkυνl . (B.37)
Through an 8× 8 unitary matrix RS± to diagonalize the mass matrix M2S±
RTS±M
2
S±RS± = (M
diag
S±
)2, (B.38)
we can obtain the mass eigenvectors S±α :
H±d = R
1α
S±S
±
α , H
±
u = R
2α
S±S
±
α , e˜
±
Li
= R
(2+i)α
S±
S±α , e˜
±
Ri
= R
(5+i)α
S±
S±α . (B.39)
B.1.4 Squarks
In the unrotated basis u˜′
T
= (u˜Li , u˜
∗
Ri
) ≡ (u˜i, u˜c∗i ) and d˜′
T
= (d˜Li , d˜
∗
Ri
) ≡ (d˜i, d˜c∗i ), the
quadratic potential includes
Vquadratic =
1
2
u˜′
†
M2u˜ u˜
′ +
1
2
d˜′
†
M2
d˜
d˜′. (B.40)
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The concrete expressions for the independent coefficients of M2u˜ and M
2
d˜
are given below:
M2u˜LiLj
= m2
Q˜ij
+
1
12
(3g22 − g21)(υ2d − υ2u + υνkυνk) + YuikYujkυ2u, (B.41)
M2u˜RiRj
= m2u˜cij +
1
3
g21(υ
2
d − υ2u + υνkυνk) + YukiYukjυ2u, (B.42)
M2u˜LiRj
= (AuYu)ijυu − Yuijλkυdυνck + YνlkYuijυνlυνck , (B.43)
M2u˜RiLj
=M2u˜LjRi
, (B.44)
and
M2
d˜LiLj
= m2
Q˜ij
− 1
12
(3g22 + g
2
1)(υ
2
d − υ2u + υνkυνk) + YdikYdjkυ2d, (B.45)
M2
d˜RiRj
= m2
d˜cij
− 1
6
g21(υ
2
d − υ2u + υνkυνk) + YdkiYdkjυ2d, (B.46)
M2
d˜LiRj
= (AdYd)ijυd − Ydijλkυuυνck , (B.47)
M2
d˜RiLj
=M2
d˜LjRi
. (B.48)
With the diagonal mass matrix
R†qM
2
q˜Rq = (M
diag
q˜ )
2, (q = u, d) (B.49)
u˜′ and d˜′ can be rotated to the mass eigenvectors U±I and D
±
I (I = 1, . . . , 6):{
u˜i = R
iI
u U
+
I , u˜
c
i = R
(3+i)I∗
u U
−
I ;
d˜i = R
iI
d D
−
I , d˜
c
i = R
(3+i)I∗
d D
+
I .
(B.50)
B.2 Neutral fermion mass matrix
Neutralinos mix with the neutrinos and in a basis χ′◦T =
(
B˜◦, W˜ ◦, H˜d,H˜u, νRi , νLi
)
, one
obtains the neutral fermion mass terms in the Lagrangian:
− 1
2
χ′◦TMnχ′◦ +H.c., (B.51)
where
Mn =
(
M mT
m 03×3
)
, (B.52)
with
m =


− g1√
2
υν1
g2√
2
υν1 0 Yν1iυνci Yν11υu Yν12υu Yν13υu
− g1√
2
υν2
g2√
2
υν2 0 Yν2iυνci Yν21υu Yν22υu Yν23υu
− g1√
2
υν3
g2√
2
υν3 0 Yν3iυνci Yν31υu Yν32υu Yν33υu

 (B.53)
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and
M =


M1 0
−g1√
2
υd
g1√
2
υu 0 0 0
0 M2
g2√
2
υd
−g2√
2
υu 0 0 0
−g1√
2
υd
g2√
2
υd 0 −λiυνci −λ1υu −λ2υu −λ3υu
g1√
2
υu
−g2√
2
υu −λiυνci 0 y1 y2 y3
0 0 −λ1υu y1 2κ11jυνcj 2κ12jυνcj 2κ13jυνcj
0 0 −λ2υu y2 2κ21jυνcj 2κ22jυνcj 2κ23jυνcj
0 0 −λ3υu y3 2κ31jυνcj 2κ32jυνcj 2κ33jυνcj


(B.54)
where yi = −λiυd + Yνjiυνj . Here, the submatrix m is neutralino-neutrino mixing, and
the submatrix M is neutralino mass matrix. This 10 × 10 symmetric matrix Mn can be
diagonalized by a 10× 10 unitary matrix Zn:
ZTnMnZn =Mnd, (B.55)
where Mnd is the diagonal neutral fermion mass matrix. Then, one can obtain the neutral
fermion mass eigenstates:
χ◦α =
(
κ◦α
κ◦α
)
, α = 1, . . . , 10 (B.56)
with {
B˜◦ = Z1αn κ
◦
α, H˜d = Z
3α
n κ
◦
α, νRi = Z
(4+i)α
n κ◦α,
W˜ ◦ = Z2αn κ◦α, H˜u = Z4αn κ◦α, νLi = Z
(7+i)α
n κ◦α.
(B.57)
B.3 Charged fermion mass matrix
Charginos mix with the charged leptons and in a basis where Ψ−T =
(
−iλ˜−, H˜−d , e−Li
)
and
Ψ+T =
(
−iλ˜+, H˜+u , e+Ri
)
, one can obtain the charged fermion mass terms in the Lagrangian:
−Ψ−TMcΨ+ +H.c., (B.58)
where
Mc =
(
M± b
c ml
)
. (B.59)
Here, the submatrix M± is chargino mass matrix
M± =
(
M2 g2υu
g2υd λiυνci
)
. (B.60)
And the submatrices b and c give rise to chargino-charged lepton mixing. They are defined
as
b =
(
0 0 0
−Yei1υνi −Yei2υνi −Yei3υνi
)
, (B.61)
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c =

 g2υν1 −Yν1iυν
c
i
g2υν2 −Yν2iυνci
g2υν3 −Yν3iυνci

 . (B.62)
And the submatrix ml is the charged lepton mass matrix
ml =

 Ye11υd Ye12υd Ye13υdYe21υd Ye22υd Ye23υd
Ye31υd Ye32υd Ye33υd

 . (B.63)
This 5× 5 mass matrix Mc can be diagonalized by the 5× 5 unitary matrices Z− and Z+:
ZT−McZ+ =Mcd, (B.64)
where Mcd is the diagonal charged fermion mass matrix. Then, we can obtain the charged
fermion mass eigenstates:
χα =
(
κ−α
κ+α
)
, α = 1, . . . , 5 (B.65)
with {
λ˜− = iZ1α− κ
−
α , H˜
−
d = Z
2α
− κ
−
α , eLi = Z
(2+i)α
− κ
−
α ;
λ˜+ = iZ1α+ κ
+
α , H˜
+
u = Z
2α
+ κ
+
α , eRi = Z
(2+i)α
+ κ
+
α .
(B.66)
C Approximate diagonalization of mass matrices
C.1 Neutral fermion mass matrix
If the R-parity breaking parameters are small in the sense that for [14, 93]
ξ = m.M−1, (C.1)
all ξij ≪ 1, one can find an approximate diagonalization of neutral fermion mass matrix.
In leading order in ξ, the rotation matrix Zn is given by
Zn =
(
1− 12ξT ξ −ξT
ξ 1− 12ξξT
)(
V 0
0 Uν
)
. (C.2)
The first matrix in (C.2) above approximately block-diagonalizes the matrix Mn to the
form diag (M,meff ), where
meff = −m.M−1.mT . (C.3)
The submatrices V and Uν respectively diagonalize M and meff in the following way:{
V TMV =Md,
UTν meffUν = mνd,
(C.4)
where Md and mνd are respectively diagonal neutralino and neutrino mass matrix.
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C.2 Charged fermion mass matrix
Similarly to the case of the neutral fermion mass matrix discussed above, it’s also possible
to find an approximate diagonalization of the charged fermion mass matrix for the small
R-parity breaking parameters [? ]. Define then,
{
ξL = c.M
−1
± +ml.b
T .(M−1± )
T .M−1± ;
ξR = b
T .(M−1± )
T +ml
T .c.M−1± .(M
−1
± )
T .
(C.5)
All ξLij ≪ 1 and ξRij ≪ 1, so in leading order in ξL and ξR, the rotation matrices Z− and
Z+ are respectively given as
Z− =
(
1− 12ξTLξL −ξTL
ξL 1− 12ξLξTL
)(
U− 0
0 V−
)
(C.6)
and
Z+ =
(
1− 12ξTRξR −ξTR
ξR 1− 12ξRξTR
)(
U+ 0
0 V+
)
. (C.7)
Then the matrix Mc can approximately be block-diagonalized to the form diag (M±,ml).
And the submatrices U−, U+ and V−, V+ respectively diagonalizeM± andml in the following
way:
{
UT−M±U+ =M±d,
V T−mlV+ = mld,
(C.8)
where M±d and mld are respectively diagonal chargino and charged lepton mass matrix.
D Interaction Lagrangian
In this part, we give the interaction Lagrangian of the relative vertices for the LFV processes
in the µνSSM. And we use the indices i, j = 1, . . . , 3, β, ζ = 1, . . . , 5, I = 1, . . . , 6, α, ρ =
1, . . . , 8 and η = 1, . . . , 10.
D.1 Charged fermion-neutral fermion-gauge boson
One can give the interaction Lagrangian of charged fermion, neutral fermion and gauge
boson
Lint = eFµχ¯βγµχβ + Zµχ¯β(CZχζχ¯βL γµPL + C
Zχζχ¯β
R γ
µPR)χζ
+W+µ χ¯
0
η(C
Wχβχ¯
0
η
L γ
µPL + C
Wχβχ¯
0
η
R γ
µPR)χβ
+W−µ χ¯β(C
Wχ0ηχ¯β
L γ
µPL + C
Wχ0ηχ¯β
R γ
µPR)χ
0
η + · · · , (D.1)
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where the coefficients are
C
Zχζχ¯β
L =
e
2s
W
c
W
[
(1− 2s2
W
)δζβ + Z1ζ−
∗
Z1β−
]
, (D.2)
C
Zχζχ¯β
R =
e
2s
W
c
W
[
2Z1ζ+
∗
Z1β+ + Z
2ζ
+
∗
Z2β+ − 2s2W δζβ
]
, (D.3)
C
Wχβ χ¯
◦
η
L = −
e√
2s
W
[√
2Z1β− Z
2η
n
∗
+ Z2β− Z
3η
n
∗
+ Z
(2+i)β
− Z
(7+i)η
n
∗]
, (D.4)
C
Wχβ χ¯
◦
η
R = −
e√
2s
W
[√
2Z1β+
∗
Z2ηn − Z2β+
∗
Z4ηn
]
, (D.5)
C
Wχ◦ηχ¯β
L =
[
C
Wχβ χ¯
◦
η
L
]∗
, C
Wχ◦ηχ¯β
R =
[
C
Wχβ χ¯
◦
η
R
]∗
. (D.6)
D.2 Charged scalar-gauge boson
The interaction Lagrangian of charged scalar and gauge boson is written by
Lint = ieFµS−∗α
↔
∂µS−α + ieC
ZS−α S
−∗
ρ ZµS
−∗
ρ
↔
∂µS−α + · · · , (D.7)
where the coefficient is
CZS
−
α S
−∗
ρ =
e
2s
W
c
W
[
(1− 2s2
W
)δαρ −R(5+i)α
S±
∗
R
(5+i)ρ
S±
]
. (D.8)
D.3 Charged fermion-neutral fermion-scalar
The interaction Lagrangian of charged fermion, neutral fermion and scalar can be similarly
written as
Lint = Sαχ¯ζ(CSαχβχ¯ζL PL + C
Sαχβχ¯ζ
R PR)χβ + Pαχ¯ζ(C
Pαχβ χ¯ζ
L PL
+C
Pαχβχ¯ζ
R PR)χβ + S
−
α χ¯β(C
S−α χ
◦
ηχ¯β
L PL + C
S−α χ
◦
ηχ¯β
R PR)χ
0
η
+S−∗α χ¯
0
η(C
S−∗α χβχ¯
◦
η
L PL + C
S−∗α χβχ¯
◦
η
R PR)χβ + · · · , (D.9)
where the coefficients are
C
Sαχβχ¯ζ
L =
−e√
2s
W
[
R2αS Z
1β
− Z
2ζ
+ +R
1α
S Z
2β
− Z
1ζ
+ +R
(5+i)α
S Z
(2+i)β
− Z
1ζ
+
]
+
1√
2
Yeij
[
R
(5+i)α
S Z
1β
− Z
(2+j)ζ
+ −R1αS Z(2+i)β− Z(2+j)ζ+
]
− 1√
2
YνijR
(2+j)α
S Z
(2+i)β
− Z
2ζ
+ −
1√
2
λiR
(2+i)α
S Z
2β
− Z
2ζ
+ , (D.10)
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C
Pαχβ χ¯ζ
L =
ie√
2s
W
[
R2αP Z
1β
− Z
2ζ
+ +R
1α
P Z
2β
− Z
1ζ
+ +R
(5+i)α
P Z
(2+i)β
− Z
1ζ
+
]
+
i√
2
Yeij
[
R
(5+i)α
P Z
1β
− Z
(2+j)ζ
+ −R1αP Z(2+i)β− Z(2+j)ζ+
]
− i√
2
YνijR
(2+j)α
P Z
(2+i)β
− Z
2ζ
+ −
i√
2
λiR
(2+i)α
P Z
2β
− Z
2ζ
+ , (D.11)
C
S−α χ
0
ηχ¯β
L =
−e√
2sW cW
R2α∗S± Z
2β
+
[
cWZ
2η
n + sWZ
1η
n
]
− e
sW
R2α∗S± Z
1β
+ Z
4η
n
−
√
2e
sW
R
(5+i)α∗
S±
Z
(2+i)β
+ Z
1η
n + YνijR
(2+i)α
S±
Z2β+ Z
(4+j)η
n
+YeijZ
(2+j)β
+
[
R1αS±Z
(7+i)η
n −R(2+i)αS± Z3ηn
]
− λiR1αS±Z2β+ Z(4+i)ηn , (D.12)
C
S−∗α χβχ¯
◦
η
L =
e√
2sW cW
[
R1α∗S± Z
2β
− +R
(2+i)α
S±
∗
Z
(2+i)β
−
][
cWZ
2η
n + sWZ
1η
n
]
− e
sW
Z1β−
[
R1α∗S± Z
3η
n +R
(2+i)α∗
S±
Z(7+i)ηn
]
+ YνijR
2α
S±Z
(2+i)β
− Z
(4+j)η
n
+ YeijR
(5+j)α
S±
[
Z2β− Z
(7+i)η
n − Z(2+i)β− Z3ηn
]
− λiR2αS±Z2β− Z(4+i)ηn , (D.13)
C
Sαχβχ¯ζ
R =
[
C
Sαχζ χ¯β
L
]∗
, C
Pαχβχ¯ζ
R =
[
C
Pαχζχ¯β
L
]∗
, (D.14)
C
S−α χ
◦
ηχ¯β
R =
[
C
S−∗α χβχ¯
0
η
L
]∗
, C
S−∗α χβχ¯
◦
η
R =
[
C
S−α χ
◦
ηχ¯β
L
]∗
. (D.15)
D.4 Quark-squark-fermion
The interaction Lagrangian of quark, squark and fermion is similarly written by
Lint =
[
U+I u¯i(C
U+
I
χ0αu¯i
L PL + C
U+
I
χ0αu¯i
R PR)χ
0
α +D
−
I d¯i(C
D−
I
χ0αd¯i
L PL
+ C
D−
I
χ0αd¯i
R PR)χ
0
α + U
+
I d¯i(C
U+
I
χαd¯i
L PL + C
U+
I
χαd¯i
R PR)χα
+D−I χ¯α(C
D−
I
uci χ¯α
L PL + C
D−
I
uci χ¯α
R PR)u
c
i
]
+H.c.. (D.16)
And the coefficients are
C
U+
I
χ0αu¯i
L =
2
√
2e
3c
W
Z1αn R
(3+i)I
u − YujiZ4αn RjIu , (D.17)
C
U+
I
χ0αu¯i
R =
−e√
2s
W
c
W
(
1
3
Z1α∗n sW + Z
2α∗
n cW )R
iI
u − YuijZ4α∗n R(3+j)Iu , (D.18)
C
D−
I
χ0αd¯i
L =
−√2e
3c
W
Z1αn R
(3+i)I
d − YdjiZ3αn RjId , (D.19)
C
D−
I
χ0αd¯i
R =
−e√
2s
W
c
W
(
1
3
Z1α∗n sW − Z2α∗n cW )RiId − YdijZ3α∗n R(3+j)Id , (D.20)
C
U+
I
χαd¯i
L = YdjiZ
2α
− R
jI
u , (D.21)
C
U+
I
χαd¯i
R =
−e
s
W
Z1α∗+ R
iI
u + YuijZ
2α∗
+ R
(3+j)I
u , (D.22)
C
D−
I
uci χ¯α
L = YujiZ
2α
+ R
jI
d , (D.23)
C
D−
I
uci χ¯α
R =
−e
s
W
Z1α∗− R
iI
d + YdijZ
2α∗
− R
(3+j)I
d . (D.24)
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E Form factors
Defining xi =
m2i
m2
W
, we can find the form factors:
I1(x1, x2) =
1
16π2
[ 1 + lnx2
(x2 − x1) +
x1 lnx1 − x2 lnx2
(x2 − x1)2
]
, (E.1)
I2(x1, x2) =
1
16π2
[
− 1 + lnx1
(x2 − x1) −
x1 lnx1 − x2 lnx2
(x2 − x1)2
]
, (E.2)
I3(x1, x2) =
1
32π2
[3 + 2 lnx2
(x2 − x1) −
2x2 + 4x2 lnx2
(x2 − x1)2
− 2x
2
1 lnx1
(x2 − x1)3
+
2x22 lnx2
(x2 − x1)3
]
, (E.3)
I4(x1, x2) =
1
96π2
[11 + 6 ln x2
(x2 − x1) −
15x2 + 18x2 lnx2
(x2 − x1)2
+
6x22 + 18x
2
2 lnx2
(x2 − x1)3
+
6x31 lnx1 − 6x32 lnx2
(x2 − x1)4
]
, (E.4)
G1(x1, x2, x3)
=
1
16π2
[ x1 lnx1
(x1 − x2)(x1 − x3) +
x2 lnx2
(x2 − x1)(x2 − x3) +
x3 lnx3
(x3 − x1)(x3 − x2)
]
, (E.5)
G2(x1, x2, x3)
=
1
16π2
[ x21 lnx1
(x1 − x2)(x1 − x3) +
x22 lnx2
(x2 − x1)(x2 − x3) +
x23 lnx3
(x3 − x1)(x3 − x2)
]
, (E.6)
G3(x1, x2, x3, x4)
=
1
16π2
[ x1 lnx1
(x1 − x2)(x1 − x3)(x1 − x4) +
x2 lnx2
(x2 − x1)(x2 − x3)(x2 − x4)
+
x3 lnx3
(x3 − x1)(x3 − x2)(x3 − x4) +
x4 lnx4
(x4 − x1)(x4 − x2)(x4 − x3)
]
, (E.7)
G4(x1, x2, x3, x4)
=
1
16π2
[ x21 lnx1
(x1 − x2)(x1 − x3)(x1 − x4) +
x22 lnx2
(x2 − x1)(x2 − x3)(x2 − x4)
+
x23 lnx3
(x3 − x1)(x3 − x2)(x3 − x4) +
x24 lnx4
(x4 − x1)(x4 − x2)(x4 − x3)
]
. (E.8)
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